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Abstract[ | In order to compare the activity differences between the prokaryotic expressed MBP-MpAFPS and 
GST-MpAFP5[] the two recombinant prokaryotic expression plasmids pGEX-4T-1-Mpafp5 and pMAL-p2x- 
Mpafp5 were expressed in Escherichia coli BL21] DE3[] to obtain two different fusion antifreeze proteins of 
Microdera punctipennis dzhungarica . The two fusion proteins were purified by affinity chromatograph. SDS- 
PAGE analysis indicated that both of the fusion antifreeze proteins were highly expressed in soluble fractions. 
The thermal hysteresis activities] THAL] of GST-MpAFP5 and MBP-MpAFPS at a concentration of 0.5 mg/mL 
were measured as 0.51°C and 1.336°CL respectively. The ice crystal morphology of both proteins displayed 
pyramid shape. Cryoprotection to bacteria experiments showed that the two fusion proteins could protect 
bacteria survival at subzero 7°C temperature. ComparativelyL] MBP-MpAFP5 had higher protective activities 
than GST-MpAFP5. These results provide basic data for application of the insect antifreeze proteins in the 
future . 
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Fig. 1 The SDS-PAGE analysis of the expressed MpAFP5s in E. coli BL2[] DE3[] 
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Fig. 2 The SDS-PAGE analysis of the purified MpAFP5s 
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Fig. 3 The thermal hysteresis activity] THAL] and heat stability of fusion antifreeze proteins 
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Fig. 4 The ice crystal morphology of MpAFP5 solutions and water 
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Fig. 5 The cryoprotective effects of different 


fusion MpAFP5s on E. coli 
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Table 1 Multiple comparisons of the cryoprotective effects among different fusion MpAFP3s and BSA 


000 ooo 00000 
Protein I Protein J Men Once 
O 1-J0 
BSA GSTAFP5 — 0.0726 
GSTAFPS5 MBPAFPS5 — 0.0797 
MBPAFPS5 BSA 0.1523 


052000000 10940000000 
MBP-MpAFPS [] THA [] 2.67°C[] GST-MpAFPS [ 
1.02°CTmAFP  1.93°C O0 O MBP-MpAFPS [] 
THA O O TmAFPOO GST-MpAFPS THA O O O 
TmAFPO O 300000000 THAQGUUUUO 


Standard error 


95%0 000 
ODO a00 95% confidence interval 
Significance DO DO 
Lower bound Upper bound 
0.0490 0.000 — 0.0824 — 0.0627 
0.0490 0.000 0.0896 — 0.0699 
0.0490 0.000 0.1424 - 0.1621 


AO A AAA AN NANO ANA a NE 
UHOUUUUO 
HOUUOUMUUUUUUUUUOUUOUUU 
HOUUUWUUUUUUUUUUUUUUO 
OO O U UO Wu and Duman[] 1991[]] DeLuca [J 


UU UO OU U THA) Liou et al .[]11999[] Zhang et al .l] [0 19800 0 0 0 400 0 0 O 0) UY MBP-AFP U U 


24H UU UU UU UUUUUUUUUUU8 
00000 0 OU MBP-MpAFBS [] THA [] U 
GST-MpAFP5 TU UUUUUWUU UU MBA OO LU 
UOUUWUUUUUUUUU csahos- 
AAA EBE oe AN A 
O MBP-MpAFPS DO DDODDDODD0D0000L 
UU 
HOUUUUUUYUUUUUUUUUUUU 
O O Graham et al .0197 10 UO UU OU UUOUU 
UOUUOU U0 OU UU Gauthier et al.M199800 O O 
[] U Dendroides canadensis [| [] U O O UL] Li et al .[] 
1998001 O O O Lolium perenne DOU UUUUUU 
[] Sidebottom et al .[] 200017] U TI OO OU OU OU OU o 
DO AD O OO ODO ODO DDD 00060 
UU MBPO GSTOUUUUU smn UUW 
HOOUUUUDO MBPO GsTuUUUUUOUUO 
MBP-MpAFP5 [| GST-MpAFP5 OU U 0 5 min UU 
HOUUUUUUUUWUUUUUUUUUUUO 
UVOUUUDWUUUUUUUUOUU MpAFBS [] uu 
400000000000 O 0206400 UU O 
UNO AN YA AO AA AA AAN AN OA ON 
UOUUUUUUUUUUUUUUWUUUUO 
UOUUUUUUUUUWUUUUUUUUUO 
AAA AAA ith 
Aaa a Edad 04.08: 0 
UUUUUUUEUUUUUUUUUUUUUUO 
UUUUUUUUUUUUU UO UU DeVries[] 
1986[] Griffith and Yaish[] 2004 [] O UU UO OU oo 
UHOHUUUUYUUUUUUUUUUUUUUUOG 


HOTE TRX-AFPOHOUOUUUUUUUUUUOD 
m00p000000002-30M00000000 
DADO ODO OD DO0D0O0D00D0000L0 
EAU RO A AAN 
EAU ANA NAO Aa AAA E E e NE 
ABE UD ODO DD DDD DODdDo0DO 
HOUUOUOUUWUUUUUUUUUUUUO 
aR ee e E E Eea e ENE 00 
O OOU MBP-MpAFPS OU OU U U UU U GST- 
MpAFP5[[] O MpAFPSH OU OUUUUUUUUO 
(Ae, Ea ee a 0 a 
BO DO DD O DD ODO DO DODDODOL 
EEE EE EEN DO DD ODO OD ooo EE 
ION AA AA AA e AA 
DODB ODO DO DO DO DO DODO0L 


O0 O O OOD References[ ] 


Bar MI] Bar-Ziv RU Scherf TL] Fass DL] 2006. Efficient production of a folded 
and functional[] highly disulfide-bonded f-helix antifreeze protein in 
bacteria. Protein Expr. Purif .[] 480 243 - 252. 

DeLuca CIL] Comley RU] Davies PLL] 1998. Antifreeze proteins bind 
independently to ice. Biophys. J.O 740 1 502 - 1 508. 

DeVries AL[] 1986. Antifreeze glycopeptides and peptides[ | interactions with 
ice and water. Methods Enzymol .[] 1271] 293 - 303. 

Gauthier SY[] Kay CM[] Sykes BDL] Walker VK[ Davies PLL] 1998. Disulfide 
bond mapping and structural characterization of spruce budworm 
antifreeze protein. Eur. J. Biochem .[] 258|] 445 — 453. 

Graham LA[] Liou YCL] Walker VKU Davies PLL] 1997. Hyperactive antifreeze 
protein from beetles. Nature[] 388[] 727 — 728. 

Griffith MO Yaish MW[ 2004. Antifreeze proteins in overwintering plants[] a 
tale of two activities. Trends Plant Sci .[] 90 399 — 405. 

Li NL] Andorfer CAL] Duman JG[] 1998. Enhancement of insect antifreeze 


71 AA oa a EE ano aaron 0d 699 





protein activity by solutes of low molecular mass. J. Exp. Biol .[]201[] 
2 243 - 2 251. 

Liou YC] Thibault PL] Walker VKO Davies PLL] Graham LA[] 1999. A 
complex family of highly heterogeneous and internally repetitive 
hyperactive antifreeze proteins from the beetle Tenebrio molitor. 
Biochemistry] 381] 11 415 — 11 424. 

Lv GDL] Sun JU] Ma JU Zhang FC[] 2006. Characterization of antifreeze protein 
MPAFP5 from Microdera punctipennis dzhungarica expressed in Pichia 
pastoris. Entomol. Knowl .(] 48] 60 821-8260 00000000 
HOUUUU0200e.UUUUUU0U0UU0U0U0 MPAFPSO O O O 
dop000000.0000 048 6111821 - 826] 

Sidebottom CU Buckley SÍ] Pudney PL] Twigg SU Jarman CO Holt CO Telford 
JU McArthur Al] Worrall DI] Hubbard RI] Lillford PL] 2000. 
PhytochemistryL] heat-stable antifreeze protein from grass. Naturel ] 4061] 
256. 

Tyshenko MG[] Anjou MÍ] Davies PLO Daugulis AJO Walker VKO 2006. 


Challenges in the expression of disulfide bondedl] threonine-rich 


antifreeze proteins in bacteria and yeast. Protein Expr. Purif .() 470 
152 — 161. 

Tyshenko MG[] Doucet DL] Davies PLL] Walker VKL] 1997. The antifreeze 
potential of the spruce budworm thermal hysteresis protein. Nat. 
Biotechnol .[] 151] 887 — 890. 

Wu DW[] Duman JG[]1991. Amplification of insect antifreeze protein from the 
beetle Dendroides canadensis. J. Comp. Physiol .[ 1610 279 - 283. 

Zhang DQO Liu BO Feng DRO He YMO Wang JFO 2004. Expression[] 
purification[] and antifreeze activity of carrot antifreeze protein and its 
mutants. Protein Expr. Purif .[] 350] 257 - 263. 

Zhao G[] Ma JI] Xue NO Yang CGL] Zhuan FF[] Zhang FCO 2005. Cloning of 
a cDNA encoding antifreeze protein in Microdera punctipennis 
dzhungaricd] Coleopteral] Tenebrionidae[] and its activity assay. Acta 
Entomol. Sin . [| 48) SU] 667 - 673.0 0 U WU O AU U 00 O O OU 
Eta a E2005 E at Pe E Aaa 
0000000.000 0 048l 5H 667- 6731] 

HOUUUUUUUO 


